Neutral proteinase activity produced in vitro by cells of the glomerular mesangium  by Lovett, David H. et al.
Kidney International, Vol. 23 (1983), pp. 342—349
Neutral proteinase activity produced in vitro by cells of
the glomerular mesangium
DAVID H. LOVETT, R. BERND STERZEL, MICHAEL KASHGARIAN, and JOHN L. RYAN
Departments of Medicine and Pathology, Veterans Administration Medical Center—Yale University School of Medicine.
West Haven, Connecticut
Neutral proteinase activity produced in vitro by cells of the glomerular
mesangium. Cells derived from isolated glomerular tufts of rats were
studied in primary tissue culture after the removal of epithelial cells by
collagenase treatment. The cultured cells, fusiform or stellate in shape,
grew readily over a 12-day period. Immunofluorescence staining was
positive for myosin and fibronectin, while negative for Factor VIII,
suggesting that the outgrowing cells were derived from the glomerular
mesangium. In serum-free culture, these cells produced neutral protein-
ase activity that occurred as a latent trypsin-activable form (apparent
molecular weight range, 78,000 to 100,000 daltons) and in an active form
(44,000 to 58,000 daltons). Neutral proteinase activity was inhibited by
EDTA and by cysteine, and exhibited a pH optimum of 7.2 to 7.8,
characteristic of an extracellularly active metalloendopeptidase. The
culture supernate which contained the neutral proteinase activity was
capable of degrading purified rat glomerular basement membrane. The
release of hydroxyproline-containing fragments from the basement
membrane indicated that degradation of the type IV collagen compo-
nent of the basement membrane was occurring. These findings suggest
that the neutral proteinase activity generated by mesangium-derived
cells may play a role in the physiologic turnover of glomerular structural
proteins in vivo.
Activité protéinase neutre produite in vitro par les cellules du mésan-
glum glomerulaire. Les cellules dérivant de touffes glomerulaires isolées
de rats ont été étudiées en culture tissulaire primaire après elimination
des cellules épithéliales par traitement a Ia collagenase. Les cellules en
culture, de forme fusiforme ou étoilée, poussaient rapidement, en 12
jours. La coloration en immunofluorescence était positive pour Ia
myosine et Ia fibronectine, mais negative pour le facteur VIII, suggérant
que les cellules cultivëes étaient dérivées du mésangium glomerulaire.
En culture sans serum, ces cellules produisaient une activité protéinase
neutre qui survenait sous une forme latente trypsine-activable (poids
moléculaire apparent entre 78 000 et 100 000 daltons), et sous une forme
active (44 000 a 58 000 daltons). L'activité protéinase neutre était
inhibée par I'EDTA et par Ia cystéine, et avait un pH optimum de 7,2 ii
7,8, caractéristique d'une métalloendopeptidase active a l'extérieur de
Ia cellule. Le surnageant des cultures contenant l'activite protéinase
neutre Ctait capable de degrader de Ia membrane basale glomerulaire de
rat purifiée. Le relargage de fragments contenant de l'hydroxyproline a
partir de Ia membrane basale indiquait qu'une degradation du consti-
tuant collagene de type IV de Ia membrane basale se produisait. Ces
resultats suggérent que l'activite proteinase neutre genérée par les
cellules derivees du mésangium pourraient jouer un role dans le
renouvellement physiologique des proteines de Ia structure glomeru-
laire in vivo.
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The renal glomerulus is a complex arrangement of at least
three distinct cell types: epithelial, endothelial, and mesangial
cells. The structural support for these cells is provided by a
prominent and functionally important extracellular matrix com-
posed of the glomerular basement membrane (GBM) and the
mesangial matrix. Normally there is a basal turnover of the
GBM and mesangial matrix [1—3], and it has keen suggested that
mesangial cells are actively involved in this process [4, 51. The
mechanisms and pathways leading to the bieakdown of these
glomerular components are presently unclear. In other connec-
tive tissues, such as bone and cartilage, it has been proposed
that the turnover and removal of proteinaceous structural
material is initiated by the cellular release of neutral protein-
ases, followed by phagocytosis with subsequent intracellular
digestion mediated by acidic lysosomal enzymes [6, 7].
Mesangial cells have been shown in vivo to be capable of
endocytosis of a variety of macromoleculat probes, including
ferritin, colloidal carbon, iron dextran, and protein aggregates
[5, 8—11]. In addition, lysosome-like structures have been
identified at the ultrastructural level within mesangial cells [8,
12]. This work has been supplemented by the observation,
using biochemical methods, that glomerular tuft cores contain-
ing mesangial and endothelial cells appear to be well supplied
with acidic lysosomal hydrolases [13]. These findings suggest
that mesangial cells may dispose of structural components and
glomerular ultrafiltration residues by intracellular digestion. On
the other hand, such degradation may also take place in the
extracellular spaces of the glomerulus, for example, in the
mesangial matrix space, involving the releaso of neutral protein-
ases by mesangial cells [5].
In this work, the hypothesis was tested that cells derived
from the glomerular mesangium could produce, in short-term
tissue culture, neutral proteinases which are capable of degrad-
ing normal structural proteins of glomeruli.
Methods
Cell preparation. Glomeruli were isolated under sterile condi-
tions from 200 to 250-g male Sprague-Dawley rats using the
method of Greenspon and Krakower [141. Less than 1% of the
glomeruli showed remaining portions of Liferent or efferent
arterioles at the hilus. Tubular contamination was consistently
less than 1%. The intact glomeruli were subsequently fraction-
ated into an epithelial cell component (EC) and a glomerular
core component (GC), consisting of mesangial cells and endo-
thelial cells, using a modification of the method of Striker,
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Killen, and Farrin [15]. In this procedure 30,000 intact glomeruli
in 2 ml Hank's balanced salt solution (HBSS) were incubated at
37°C for 30 mm with 2 ml 750 U/ml bacterial collagenase (type
IV, which contains 130 U/mg collagenase, 0.85 U/mg ciostri-
pain, and 27 U/mg nonspecific proteinase, Sigma Chemical Co.,
St. Louis, Missouri), with gentle agitation every 5 mm. EC were
separated from the glomeruli, leaving GC behind, which ordi-
narily contained 2 to 20 intact mesangial and endothelial cells,
as confirmed by light and electron microscopy [13]. The EC and
GC were then separated by centrifugation at xSOg for 5 mm at
4°C, after which the GC were pelleted and the EC remained in
the supernate.
Culture conditions. The GC were washed three times in
HBSS at 4°C. A neutral proteinase assay (see below) of freshly
isolated, washed GC was carried out to exclude the possible
contribution of residual bacterial collagenase to the observed
neutral proteinase activity. Aliquots of 30,000 GC were tested
for both active and latent neutral proteinase activity as: (1)
intact GC, (2) lysates prepared by freeze-thawing in distilled
water, and (3) lysates prepared by freeze-thawing in 0.2 M Tris/
HCI, 10 mivi CaCI2, pH 7.6, with 1% Triton X-100. No residual
bacterial collagenase was detected using any of these methods.
Approximately 250 to 300 GC were placed in 16-mm culture
wells (Falcon Products, Oxnard, California) in minimal essen-
tial medium-Eagle (MEM-E, Microbiological Associates, Walk-
ersville, Maryland), supplemented with 20% heat-inactivated
fetal calf serum (FCS, Microbiological Association), 2 mtvi L-
glutamine, penicillin, 100 U/ml, and streptomycin, 100 g/ml.
All cultures were maintained at 37°C in 5% CO2 in humidified
air. Cultures were assessed for fibroblast contamination by
growth in L-valine deficient medium supplemented with 92 mg/
liter D-valine [16, 17]. Progress of attachment and growth of the
GC was followed using inverted phase contrast microscopy.
Cell viability during the period of culture was judged by the
exclusion of 0.1% trypan blue.
Immunofluorescence microscopy studies. Glomerular core
cells were grown on tissue culture chamber slides (Lab-Tek,
Miles Lab, Naperville, Illinois), in the above medium. Follow-
ing 6 and 12 days of culture, the slides were washed twice in
phosphate-buffered saline (PBS), pH 7.2, fixed for 10 mm in
absolute ethanol at 4°C, and washed three times in PBS at 4°C.
Rabbit antisera directed against myosin (from chicken gizzard
kindly provided by Dr. U. Groeschel-Stewart, University
Darmstadt, Federal Republic of Germany), against human
Factor VIII antigen (Behring-Werke, Marburg, Federal Repub-
lic of Germany) and affinity-purified rabbit antibody against rat
fibronectin (kindly provided by Drs. H. Furthmayr and J.
Madri, Yale University School of Medicine, New Haven,
Connecticut) were used for indirect fluorescence microscopy
by methods described previously [18]. The specificity of the
employed antibodies was demonstrated by immunofluores-
cence microscopy performed on cryostat sections from normal
rats. It was found that the antiserum against myosin strongly
and selectively stained the mesangial areas of glomeruli and the
smooth muscle cell layer of arteriolar walls. The antiserum
against Factor VIII stained the endothelial cells of glomerular
capillaries and of vascular walls elsewhere in the kidney. The
antibody against fibronectin stained the glomerular mesangium
as reported previously by Madri et al on mouse kidney [19].
Negative controls were performed by incubating the cell mono-
layers with normal rabbit serum or normal rabbit IgG. Ia-
antigen-bearing cells were identified after incubation of the
fixed cellular outgrowths with mouse-derived monoclonal anti-
body to rat Ia antigen (Accurate-Sera Chemical Scientific
Corp., Westbury, New York) and staining wth FITC-conjugat-
ed goat F (ab')2 against mouse IgG (Tago Inc., Burlingame,
California). The anti-rat Ia antibody was the mouse IgG prepa-
ration MAS 043c, studied in detail by McMaster and Williams,
showing binding to rat Ia antigens which correlate with the Ia
specificity 17 or 18 in the mouse [20]. Previous studies from this
laboratory have shown that this antibody specifically stains
individual cells in glomerular tufts of cryostat sections [21].
Incubation of the cell preparations with normal mouse IgG
instead of Ia-antibody caused no specific fluorescence of cells.
Neutral proteinase assay. For the study of neutral proteinase
production, the initial medium was replaced after 6 days of
culture with serum-free MEM-E supplemenied with 0.2% lact-
albumin hydrolysate (Difco Laboratories, I)etroit, Michigan).
Glomerular core conditioned medium (GC-CM) was harvested
at specified intervals, spun at x400g for 5 mm to remove
cellular debris, and the supernate stored at — 0°C until assayed.
For the determination of the intracellular content of neutral
proteinase activity, cultured cells were washed with PBS,
removed mechanically, and lysed either b repetitive freeze-
thawing in distilled water, or by freeze-thawing in Tris Buffer
pH 7.6 with 1% Triton X-lOO. Following lysis the preparation
was spun at x400g for 10 mm, and the supernate was removed
for neutral proteinase assay.
Neutral proteinase activity was measured using the azoca-
seinase method of Gordon, Werb, and Cohn [22] in which 0.125
ml of 0.4 M Tris/HC1 buffer, pH 7.6, containing 20 mi CaCI2,
and 0.05% NaN3, was mixed with 0.125 ml 6% azocasein. To
this was added 0.25 ml GC-CM from individual culture wells.
The samples were incubated for 20 hr at 40°C in a shaking water
bath. The reaction was stopped by the addition of cold 3%
trichioroacetic acid and samples were passed through Whatman
No. 1 filters. The filtrate was read at 0D36(,. Enzyme activity
was linear under the experimental conditions. Activity is ex-
pressed in milliunits, where one unit equals an increment in
0D366 of 1.0/hr. Latent enzyme activity was detected by
preincubating the GC-CM with 10 g/ml trypsin (type IX,
Sigma) for 25 mm at 25°C, followed by 100 g/ml soybean
trypsin inhibitor (type II-S, Sigma), which blocked trypsin
activity completely. Enzyme inhibition proliles were obtained
by preincubating trypsin-activated GC-CM br 30 mm at 25°C
with each of the following, given as final concentrations: EDTA
2 m and 15 mtvi, cysteine 2 m, soybean trypsin inhibitor
(SBTI) 100 and 500 g/ml, aprotinin (Trasvlol) I mg/mi, and
phenylmethylsulfonylfluoride (PM S-F) 1 mivi. The pH optimum
of the neutral proteinase activity was determined by varying
buffer pH over a range of 6.0 to 8.5. Thermolability was
assessed by heating trypsin-activated GC-CM to 60°C for 30
mm. To determine sensitivity to proteolytic degradation, acti-
vated GC-CM was incubated with trypsin 2U0 g/ml for 30 mm
at 37°C, followed by blockade with 800 .tg/cnl SBTI.
Thorough controls were performed to eliminate the possibili-
ty that exogenous sources of enzyme activity contributed to the
observed neutral proteinase activity. Control assays of all
media components, including MEM, FCS, lactalbumin, antibi-
otics, and proteinase inhibitors were done and revealed no
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evidence for the presence of either active or latent neutral
proteinase activity.
Lysosomal enzyme assays. To assess for the release of
intracellular degradative lysosomal enzymes into the GC-CM
during culture, the activities of acid phosphatase, beta-glue-
uronidase, and cathepsin D were serially determined, using the
methods of Barrett and Heath [23]. LDH activity of the
supernate as evidence for impaired cell viability was serially
measured using the method of Schnyder and Baggiolini [241.
GBM digestion. Glomerular basement membrane was pre-
pared from 200- to 250-g male Sprague-Dawley rats using the
method of Meezan, Hjelle, and Brendel [25]. During the isola-
tion procedure PMS-F 1 mi, EDTA 2 mM, pepstatin 5 g!ml,
and aprotinin 1 mg/mI were added to minimize any basement
membrane degradation by endogenous proteolytic enzymes.
Penicillin, 100 U/mI, and streptomycin, 100 ig/ml, were added
routinely to inhibit bacterial growth. The GBM preparation was
washed three times in 4°C distilled water and lyophilized. In the
incubation procedure, 0.5 mg of GBM was suspended in 0.5 ml
of 0.2 M Tris/HCI buffer, pH 7.6, containing 10 mrvi CaCl2,
penicillin 100 U/ml, and streptomycin 100 ig/m1. To this was
added 0.5 ml of trypsin-activated GC-CM, and the preparation
was incubated for 48 hr at 37°C in a shaking water bath.
Controls included both normal medium, as well as GC-CM
which was not trypsin activated and contained no active neutral
proteinase activity as determined using the azocasein substrate.
GBM degradation inhibition profiles were obtained by pre-
incubating the activated GC-CM with the various proteinase
inhibitors in duplicate, using the same conditions as detailed
above for azocaseinase.
Following incubation, the tubes were centrifuged at x400g
for 10 mm at 4°C, and the supernates were removed for
analysis. The residual GBM sediments were washed twice in
4°C distilled water. Sediments and supernates were hydrolyzed
overnight at 105°C in 6 N HC1 and subsequently analyzed for
hydroxyproline content, using the method of Kivirikko, Lai-
tinen, and Prockop [26]. This highly specific colorimetric assay
in our laboratory yielded linear values over a hydroxyproline
concentration range of 1.5 to 12 g/ml. The results are ex-
pressed as the percent of the input hydroxyproline solubilized
during the incubation period (hydroxyproline supernate/hy-
droxyproline supernate + hydroxyproline sediment x 100%).
The release of 15% or greater of the input hydroxyproline was
regarded as significant using our assay procedure. Aliquots of
the supernates were also saved for determination of the molecu-
lar weights of the hydroxyproline-containing components, as
detailed below.
Chromatography. Gel chromatography for the determination
of apparent molecular weights was performed using a 1.6 x 60
cm Sephacryl S-200SF column (Pharmacia, Piscataway, New
Jersey), which had been calibrated with horse spleen ferritin,
bovine albumin, chymotrypsin A, cytochrome C and DNP-
alanine. GC-CM, concentrated 25-fold by ultrafiltration (Mini-
con Bl5, Amicon, Lexington, Massachusetts), was eluted at a
flow rate of 27.3 mI/hr (13.6 mI/cm2) from a column equilibrated
with Earle's balanced salt solution, containing 0.05% NaN3, pH
7.6 at 25°C. Each two consecutive 4.8-mi fractions were pooled,
concentrated tenfold by ultrafiltration, and assayed for both
latent and active enzyme activity as above. The apparent
molecular weights of the hydroxyproline-containing compo-
nents of the GBM digestion supernates were determined on a
column equilibrated with 0.2 M Tris/HCI buffer, containing 10
mM CaCl, 0.05% NaN3, at pH 7.6, using a flow rate of 10.8 ml!
hr (5.4 ml/cm2). Fractions of 3.8 ml were collected, concentrat-
ed, and assayed for hydroxyproline as before.
All chemicals and supplies, unless otherwise specified, were
purchased from Sigma Chemical Co., St. Louis, Missouri.
Results
Cell cultures. As previously reported by Striker, Killen, and
Farrin [15], and more recently from this laboratory [131, the
incubation of intact glomeruli with bacterial collagenase, com-
bined with gentle mechanical agitation resulted in efficient
separation of the EC from the remainder of the glomerular tuft.
The cellular outgrowth from the cultured GC was seen as early
as 2 to 3 days after the initiation of culture. Growth was well
established by day 5, and confluency was generally reached by
day 10. Morphologically, the outgrowth cells appeared homoge-
neous and were characterized by a stellate or fusiform shape,
and by growth in tightly interwoven bundles (Fig. 1). Cells with
the characteristic cobblestone-like appearance of endothelial
cells [271, or confluent monolayers of large polygonal epithelial
cells [17] were not seen by phase contrast microscopy. Cell
growth was easily maintained in medium in which D-valine
replaced L-valine, indicating that the cells were not fibroblasts
[16]. By immunofluorescence microscopy, the great majority
(95%) of out-growing cells stained positivel' for myosin [Fig.
2a] and for fibronectin [Fig. 2b], whereas they did not stain for
Factor VIII. At the time of plating GC, approximately 4 to 5%
of all cells showed specific staining for Ia-antigen. At days 6 and
12 Ia-positive cells were either an extremely rare find or they
were completely absent from the cultures.
Cell viability was greater than 95% at day 6, as demonstrated
by trypan blue exclusion. In addition, there was no significant
release of LDH into the culture medium. There was no signifi-
cant release of acid phosphatase, beta-glucuronidase, or ca-
thepsin D into the culture medium over the 12-day period of
culture (data not shown).
Neutral proteinase studies. Neutral proteinase (azocasein-
ase) activity was released into the culture supernates during the
period of serum-free culture both as a latent that is, trypsin
activable form, and as the active enzyme (Fig. 3). The mean
values for active enzyme rose later in culture than the latent
enzyme activity. GC cellular lysates contained no detectable
latent or active neutral proteinase activity.
The pH optimum of the neutral proteinase activity was
between 7.2 and 7.8; less than 50% activity vas detected below
pH 7 or above pH 8 (Fig. 4). Neutral proteinase activity was
eliminated by heating at 60°C for 30 mill, as well as by
proteolytic digestion with an excess of trypsin.
Preincubation of the GC-CM with various proteolytic enzyme
inhibitors was carried out to further characterize the proteinase
activity (Table 1). Significant inhibition was seen with EDTA
and cysteine, suggesting that the enzyme activity results from a
metallo-proteinase. The serine proteinase inhibitor PMS-F and
the less specific proteinase inhibitors, SBTI and aprotinin, did
not result in significant inhibition of the neutral proteinase
activity.
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Fig. 1. Giemsa stain of cellular outgrowth after 6 days of culture.
(x750)
Gel chromatography of two GC-CM preparations revealed
that the latent enzymatic activity eluted in a single peak, at an
elution volume corresponding to an apparent molecular weight
range of 78,000 to 100,000 daltons. Active neutral proteinase
activity eluted as a single peak with an apparent molecular
weight range of 44,000 to 58,000 daltons (Fig. 5).
Digestion of GBM. The ability of activated supernates from
glomerular core cultures to digest GBM is demonstrated by the
results in Table 2. In this rat GBM preparation, it was deter-
mined that the hydroxyproline content per mg lyophylized
GBM was 31.26 4.4 cg. Control studies demonstrated that
GC-CM which contained no active neutral proteinase activity
on azocaseinase assay, and which was not trypsin-activated,
did not cause significant release of hydroxyproline-containing
material from the GBM preparations. When the incubation with
activated GC-CM was prolonged from 48 to 120 hr, the release
of the total hydroxyproline increased further (Table 2).
Complete inhibition of the GBM degradation activity was
seen with 15 mtvi EDTA and 2 mivi EDTA + 2 mrvi cysteine. No
inhibition was seen with SBTI, PSM-F or aprotinin, which
parallels the results with azocaseinase shown in Table 1.
Molecular weight analysis of the hydroxyproline containing
components of the supernates after 48 hr of incubation revealed
three distinct elution peaks, with apparent molecular weights of
160,000, 29,000, and less than 5,000 daltons (Fig. 6). Approxi-
mately 60% of the total recovered hydroxyproline was con-
tained within the 29,000 dalton fraction.
Fig. 2. Immunofluorescence microscopy of cellulir outgrowth after 6
days of culture. A FITC-conjugated anti-myosin staining prominent
intracellular fibrillar structures. B FITC-conjugited anti-fibronectin
staining round, partly confluent structures in cr overlying cellular
outgrowth. (x 1200)
Discussion
Glomerular core preparations, consisting cf intact mesangial
and endothelial cells, grew readily and reproducedly in the
culture conditions used. Cellular outgrowth was remarkably
homogeneous, considering that the GC input contained at least
two cell types. The morphologic characteri7ations of the out-
growth cells resembled closely those described by Striker,
Killen, and Farrin [15], Striker et al [281, and others [29, 30]. It
has been suggested that this cell type represents a vascular
smooth muscle cell derived from the glonerular mesangial
region [281. This is supported by our finding, and that of others
[29, 31], of prominent immunofluorescence staining for myosin.
The finding of fibronectin staining in this cell type is also
consistent with their mesangial origin [15, 32]. Cells with the
morphologic appearance of cultured endothelial cells were not
observed in our preparations. Staining for Factor VIII was also
negative, strongly suggesting that vascular endothelial cells
were not growing in this culture system [27] Large, polygonal
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Time, days of serum-free culture
Fig. 3. Azocaseinase activity in supernates of cellular outgrowth from
glomerular cores in serum-free culture medium; trypsin-activated (0);
not trypsin-activated (•). Each point represents the enzyme activity
measured in one culture well.
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epithelial cells of the type characterized by Kreisberg, Hoover,
and Karnovsky [17], and Striker, Killen, and Farrin [15], were
not observed. This confirms that the method used for the
preparation of the glomerular components has effectively re-
moved epithelial cells. We therefore suggest that our cell
outgrowth preparation primarily represents cells derived from
the glomerular mesangial region.
In this regard, the recent demonstration of a small subpopula-
tion of Ia-antigen bearing, macrophage-like cells in rat glomeruli
is of interest [21, 33]. These cells appear lo represent bone-
marrow derived immune competent cells restdent in the mesan-
gium, adjacent to intrinsic smooth-muscle type mesangial cells.
Currently, no information is available as to in vitro or in vivo
growth characteristics of these cells. The present immunofluo-
rescence microscopy studies demonstrated that extremely few
of the cells present at confluency in the employed culture
system were stained after incubation with monoclonal antibod-
ies against rat Ia-antigens. Since it is unclear what proportion of
outgrowing cells may have lost their property to stain for Ia-
antigens, we cannot presently determine the precise contribu-
tion of these cells to the cellular outgrowth and to the observed
release of neutral proteinase activity. However, in view of the
growth characteristics and the strong staining for myosin and
fibronectin of the GC-derived cells, we believe that the great
majority if not all of the outgrowing cells were derived from the
intrinsic smooth-muscle type mesangial cells.
One also has to consider the possibility that the isolated
glomeruli and, thus, the cultures of glornerular cells were
contaminated with blood-borne monocytes-rnacrophages which
are capable of releasing neutral proteinase activity in vitro [34,
35]. Two points argue against this: First, it has been demon-
strated by several investigators, using histochemical techniques
for nonspecific esterase, ultrastructural methods and tissue
culture work, that glomeruli of normal rats and other mammals
contain very few infiltrating macrophages [11, 18, 31, 36, 37].
For example, studies from this laboratory have shown that
glomeruli in renal sections from rats contain no more than
approximately 0.1% esterase-positive cells 11, 181. Therefore,
the fraction of contaminating monocytes in isolated glomeruli is
very low and it is, presumably, further reduced by the em-
ployed enzymatic procedure to isolate GC br plating. Second-
ly, the proteolytic activity in our cultures was not detectable or
low before glomerular cell outgrowth became prominent (Fig.
3). Potentially contaminating monocytes-macrophages, if pres-
ent, should have released enzyme activity in the early phase of
culture. Therefore, we conclude that a significant contribution
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Table 1. Effect of potential inhibitors on neutral proteinase activity'
Agent Activity %
0
0
00 None 100
0
•
000
a
EDTA, 2 m,w (4) 59.8 0.8
15 mw (4) 0
Cysteine, 2 mM(4) 56.7 1.0
0 •
•
—o—
8oo
EDTA, 2 m and cysteine, 2 m (2) 0
SBTI, 100 pg/ml (5) 100
500 ,&sg/ml (4) 100
• •
0
0
000 PMS-F, 1 mst (4) 100Aprotinin, 1 mg/mi (4) 100
a Enzymatic activity is expressed as the percentage of activity in the
• ...I 0 I I •mI absence of inhibitors. Final concentrations of nhibitors are given.Number of assays performed are indicated in parentheses. Data aregiven as mean SEM.
3 5
6.0 6.5 7.0 7.5 8.0 8.5 9.0
pH
Fig. 4. Effect of buffer pH on the trypsin-activated azocaseinase activity
generated by glomerular cell outgrowth.
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Source of supernate % Hydroxyproline release
Control 1 (medium only) (4) 9.96 0.37
Control 2 (non-activated GC-CM) (2) 10.59 2.70
Activated GC-CM 48 hr (6) 42.33 11.42
Activated GC-CM 120 hr (2) 80.17 2.7
a Expressed as amount of hydroxyproline in supernate divided by the
sum of the amounts of hydroxyproline in supernate and sediment x
100%. Data given as mean SEM. Number of assays performed
indicated in parentheses.
degradation, exhibited a pH optimum between 7.2 and 7.8, was
inhibited by EDTA and cysteine, and occurred predominately
in a latent, trypsin-activable form. Gel chromatography sug-
gested an apparent molecular weight range of 78,000 to 100,000
daltons for the latent activity, while activated enzyme eluted as
a single peak in the 44,000 to 58,000 dalton range. No detectable
neutral proteinase activity was found in cellular lysates.
Neutral proteinase is a generic term, and includes a number
of variably characterized endopeptidases which are active at
neutral pH. Classification has relied primarily on the degree of
substrate specificity and the susceptibility to a battery of active
site inhibitors. A useful working classification of the protein-
ases has been proposed by Barrett [38], which includes serine,
thiol, carboxyl, and metallo-proteinases. The results of the
present inhibition studies suggest that t(ie observed neutral
proteinase activity is due to a metallo-proteinase, or protein-
ases. Since these studies were performed on crude conditioned
medium, the measured enzymatic activity may represent the
combined activities of several closely related individual
enzymes.
The production of metallo-proteinase activity has been de-
scribed for a number of connective tissues, including bone,
cartilage, and synovium [61. Mononuclear phagocytes have also
been shown to produce collagenases, and nonspecific protein-
ases, which appear to be metallo-proteinases [34, 35]. Metallo-
proteinases have been found predominately extracellularly, and
generally are not stored intracellularly 138, 39]. This corre-
sponds with our finding of no detectable neutral proteinase
activity within the cultured cells. As found in this study, neutral
proteinase activity has been detected in either a latent, trypsin
activable form, or as the active enzyme [6, 381. At present there
is conflicting evidence concerning the concept that the latent
enzyme represents a true zymogen, or an enzyme-inhibitor
complex [40, 411.
The GBM digestion study was undertaken to determine if the
neutral proteinase activity could participate in the turnover of
normal glomerular structural proteins. These include proteins
of the glomerular basement membrane, which is a complex
structure containing a unique collagen, type IV, embedded in a
matrix of glycoproteins and glycosoaminoglycans [42, 43]. lt
has been demonstrated that all three cell types of the glomeru-
lus contribute to the biosynthesis of GBM components [15, 28,
30]. GBM is susceptible to proteolytic degradation by several
enzymes, including leukocyte elastase and cathepsin G [44, 45].
Basement membrane material has also been shown to be
degradable by a partially purified type IV collagenase [46]. In
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Table 2. Hydroxyproline release from GBM preparationa
10 15 20 25
Fraction
Fig. 5. Determination of apparent molecular weights of azocaseinase
by gel chromatography on a 1.6 x 60 cm Sephacryl S-200SF column.
GC-CM concentrated 25-fold by ultrafiltration was eluted from a
column equilibrated with Earle's balanced salt solution, pH 7.6, con-
taining 0.05% NaN3, at a flow rate of 13.6 ml/cm2/hr. Two consecutive
4.8-mi fractions were pooled, concentrated tenfold by ultrafiltration and
assayed for both latent (0) and active (S) neutral proteinase activity.
The numbered arrows represent molecular weight standards: (1) horse
spleen ferritin, (2) bovine albumin, (3) chyniotrypsin A, (4) cytochrome
C, and (5) DNP-alanine.
c ¶ ??10
8
6
4
2
5 10 15 20 25
0C
0
0.>
00>I
Fraction
Fig. 6. Gel chromatography of hydroxyproline-containing components
resulting from incubation of activated GC-CM with lyophilized rat
GBM. A flow rate of 5.4 ml/cm2/hr was used on a 1.6 x 60 cm Sephacryl
S-200 SF column equilibrated with 0.2 M Tris/HC1 buffer, 10 ms CaCI,,
0.05% NaN3, pH 7.6. Fractions of 3.8 ml were collected and assayed for
hydroxyproline after concentration. The numbered arrows represent
molecular weight standards: (1) horse spleen ferritin, (2) bovine albu-
min, (3) chymotrypsin A, (4) cytochrome C, and (5) DNP-alanine.
of monocytes-macrophages to the observed generation of neu-
tral proteinase is quite unlikely.
The sensitive, but nonspecific, assay employing the substrate
azocasein was used in this study for the demonstration of
neutral proteinase activity. Significant enzyme activity accumu-
lated in the GC-CM over the 5-day period of serum-free culture
(Fig. 2). This activity was thermolabile, sensitive to proteolytic
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this study hydroxyproline was used as a biochemical marker of
the collagen contained within the GBM. The assay measured
the release of hydroxyproline-containing material into the buff-
er during incubation with GC-CM containing neutral proteinase
activity. This experiment is nonspecific in the sense that it
simply detects the release of collagen fragments from the
basement membrane matrix and does not indicate specific
biochemical mechanisms. The molecular weight of the type IV
collagen trimer has been estimated to be greater than 400,000
daltons, with the monomer weighing 170,000 to 180,000 daltons
[421. Our finding of hydroxyproline-containing GBM break-
down products with apparent molecular weights of 160,000,
29,000, and less than 5,000 daltons (Fig. 6) does suggest that
GBM collagen is released and progressively degraded into
smaller fragments by neutral proteinase(s) produced by cul-
tured mesangial cells. It remains to be determined whether such
neutral proteinase activity is produced by mesangial cells in
vivo, and whether such enzymatic activity may contribute to
the degradation of GBM collagen in normal or pathologic
conditions.
We conclude that cells derived from the rat glomerular
mesangial region are capable of generating, in vitro, significant
neutral proteinase activity. It is tempting to speculate that this
enzymatic activity may participate in vivo in the turnover of the
GBM.
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